We aimed to investigate the disease phenotype of Korean pediatric Crohn's disease (CD) patients at diagnosis according to the Paris classification by comparison with patients from the European multicenter 5-years recruitment of children with newly developed IBD (EUROKIDS registry). Methods: Korean children and adolescents who had been newly diagnosed with CD at the age of <18 years during 2013-2016 were included in this multicenter retrospective study. Disease phenotype at diagnosis was classified according to the Paris classification, and compared with the published data from the EUROKIDS study. Results: A total of 255 patients were included. The median diagnosis age was 14.7 years (range, 0.8-17.9 years). No significant difference was observed in male-to-female ratio with EUROKIDS (1.9:1 vs. 1.45:1, p=0.062). The proportion of children aged <10 years was
INTRODUCTION
Crohn's disease (CD) is an inflammatory bowel disease (IBD) that can involve any area in the gastrointestinal (GI) tract from the mouth to the anus [1] . Approximately 25% of patients with CD are known to present before 20 years of age [2] . Moreover, the incidence and prevalence of pediatric CD is increasing worldwide and the age of CD diagnosis is also getting younger [3] [4] [5] . Meanwhile, CD is well-known as a contemporary condition of industrialized societies, and newly industrialized countries in Asia are experiencing a rapid increase in incidence [6] . Korea is also experiencing this increase in CD incidence, especially in the age group of 15-19 years [7,8] .
Despite this increase, there are limited large-scale multicenter studies that have assessed the phenotype of pediatric CD in Korea according to the Paris classification based on a full evaluation of the entire GI tract. A recent multicenter study in Korea has compared the characteristics of pediatric CD with the European multicenter 5-years recruitment of children with newly developed IBD (EUROKIDS registry) [9, 10] . However, only a small number of Korean patients were included in that study [9] . Moreover, disease phenotype was based on the Montreal classification, and results imply that evaluation of the upper GI (UGI) tract seems to have been insufficient in the Korean children. Considering these limitations, it is unlikely that an adequate comparison was performed with their European counterparts in that study [9] . Therefore, the aim of this study was to investigate the disease phenotype and characteristics of Korean pediatric CD patients at diagnosis by comparison with data from the EUROKIDS registry, according to the Paris classification based on a complete workup of the entire GI tract.
Hospital, Samsung Changwon Hospital, Keimyung University Hospital, and Inje University Ilsan Paik Hospital. Patients included were children and adolescents who had been newly diagnosed with CD at the age of <18 years between 2013 and 2016. Patients diagnosed as ulcerative colitis (UC) or inflammatory bowel disease-unspecified (IBD-U), diagnosis age ≥18 years, and those with missing data on baseline clinicodemographics were excluded. CD was diagnosed in accordance with the revised Porto criteria of the European Society for Paediatric Gastroenterology, Hepatology, and Nutrition [11] .
Baseline clinicodemographics including sex, diagnosis age, ethnicity, first degree family history of IBD, previous surgical history before diagnosis, growth indicators were investigated in all the patients with available data. Regarding disease location and behavior, only the patients who had conducted a complete diagnostic workup of the entire GI tract according to the revised Porto criteria were included [11] . Like the inclusion criteria from the EUROKIDS study, those who had undergone UGI endoscopy, ileocolonoscopy, and adequate imaging of the small bowel by small bowel follow-through (SBFT), magnetic resonance imaging or magnetic resonance enterography (MRE), computed tomography (CT) or computed tomographic enterography (CTE), capsule endoscopy, and/or enteroscopy were considered to have conducted a complete diagnostic workup [10] .
Growth indicators including z-scores for weight-for-age, height-for-age, and body mass index (BMI)-for-age were calculated using the 2017 Korean National Growth Charts for children and adolescents of the Korean Centers for Disease Control and Prevention [12] .
Classification and definitions
Disease phenotype at diagnosis was classified according to the Paris classification [13] , and compared with the published data from the EUROKIDS registry [10]. Disease involvement was defined as the presence of ulcers, erosions, cobblestones, and/or stenosis from the esophagus to the 2nd portion of the duodenum on UGI endoscopy, and from the terminal ileum (TI) to the rectum on ileocolonoscopy. For the remaining small bowel, disease involvement was based on findings on small bowel imaging, capsule endoscopy, and/or enteroscopy. Perianal fistulizing disease was confined to perianal fistulas and/or abscesses.
Statistical analysis
For statistical comparison between groups, a chi square test or Fisher's exact test was used for categorical variables, and a Student's t-test or Wilcoxon rank sum test was used for continuous variables. Comparative data for continuous variables are reported as median (interquartile range) or mean (standard deviation). Logistic regression analyses were performed to examine the association between variables. Univariate logistic regression analysis was first conducted to investigate the crucial odds ratio (OR) for each factor. A multivariate logistic regression analysis was then conducted using a stepwise selection procedure with a 5% significance level for a covariate to enter or remain in the model. The results were expressed as adjusted ORs with 95% confidence intervals (CIs). Data were considered to be statistically significantly different if p<0.05. Statistical analyses were carried out using R version 3.2.3 (R Development Core Team, 2015; http://www.r-project.org).
Ethical statement
This study was approved by the Institutional Review Board (IRB) of Kyungpook National University Chilgok Hospital and all other participating centers, and informed consent was waived due to the retrospective nature of this study (IRB Number 2017-06-022).
RESULTS

Baseline clinicodemographics
A total of 263 Korean patients had been newly diagnosed with CD at the age of <18 years between 2013 and 2016. Among them, 255 patients with available clinicodemographic data were included ( Fig. 1) . One-hundred sixty-seven patients (65.5%) were male, and the median age at diagnosis was 14.7 years (range, 0.8-17.9 years).
Comparison with EUROKIDS revealed that male predominance was more prominent in Koreans, although statistical significance was not observed (65.5% vs. 59.2%, p=0.062). Median age at diagnosis was also higher in Koreans than EUROKIDS (14.7 vs. 12.5 years). Other clinicodemographics and comparison with EUROKIDS are shown in Table 1 Among the 255 Korean patients included in the study, complete workup of the entire GI tract was conducted in 241 patients ( Fig. 1) . Comparison of age according to the Paris classification revealed that the proportion of A1a patients (<10 years) was significantly lower in Korean children compared to EUROKIDS (7.1% vs. 19.6%, p<0.001) ( Table 2 ).
Disease involvement across the entire GI tract
The most common location of CD involvement in Korean patients across the entire GI tract was the TI constituting 88% among the 241 patients who had completed a full workup. The proportion of patients with affected segments along the lower GI (LGI) tract showed a gradual decrease moving distally from the TI (88%) to the rectum (47%) (Fig. 2) . The proportion of patients with affected segments along the UGI tract also showed a gradual decrease moving proximally from the distal ileum (59%) to the esophagus (6%), except for the stomach (29%) (Fig. 2) . https://pghn.org https://doi.org/10.5223/pghn.2020.23.1.49 
Disease Phenotype of Korean Pediatric CD at Diagnosis
Disease phenotype according to the Paris classification
The most common disease phenotype in Korean patients according to the Paris classification was A1b, L3+L4a, B1p which constituted 12.0% (29/241) of the patients, followed by A1b, L3, B1 of 10.4% (25/241) ( Table 3) .
Comparison of LGI tract disease location according to the Paris classification showed that the proportion of patients with L2 disease was less prominent (10.0% vs. 27.3%, p<0.001) and L3 disease was more prominent in Korean children compared to EUROKIDS (74.3% vs. 52.8%, p<0.001) ( Comparison of luminal disease behavior according to the Paris classification demonstrated that there was no significant difference between Korean children and EUROKIDS ( Table 2) . However, perianal fistulizing disease at diagnosis was more prominent in Korean children compared to EUROKIDS (44.8% vs. 8.2%, p<0.001).
Factors associated with diagnosis age
Comparison between Korean patients aged <10 years and ≥10 years showed that patients aged <10 years had a lower height z-score at diagnosis (−0.9±1.1 vs. −0.3±1.1, p=0.029), a lower proportion of patients with any TI involvement (58.8% vs. 91.5%, p<0.001), and a lower proportion of patients with any L4 involvement (29.4% vs. 61.6%, p=0.019).
According to multivariate logistic regression analysis, any TI involvement (OR=0.15, 95% CI=0.05-0.46; p<0.001) was the only factor significantly associated with diagnosis age <10 years ( Table 4 ).
Factors associated with perianal fistulizing disease at diagnosis
Comparison between Korean patients with and without any perianal fistulizing disease showed that patients with perianal fistulizing disease had a higher proportion of patients with male sex (73.1% vs. 57.9%, p=0.020), a higher weight z-score (−0.7±1.3 vs. −1.1±1.3, p=0.036) and higher BMI z-score (median −0.7 vs. −1.2, p=0.009), and a higher proportion of patients with any L4a involvement [44.4% (48/108) vs. 30.1% (40/133), p=0.03] ( Table 5 ).
According to multivariate logistic regression analysis, male sex (OR=2.12, 95% CI=1.20-3.76; p=0.010) and BMI z-score (OR=1.29, 95% CI=1.05-1.58; p=0.015) were significantly associated with the presence of perianal fistulizing disease at diagnosis ( Table 6 ).
DISCUSSION
This was the first multicenter study in Korea to properly investigate the phenotype of pediatric CD according to the Paris classification based on a complete workup of the entire GI tract. We have revealed significant differences in several aspects of disease phenotype of Korean pediatric CD compared to the EUROKIDS registry, including diagnosis age, LGI tract location, UGI tract location, and the proportion of patients with perianal fistulizing disease. Approximately half (44.8%) of pediatric CD patients in Korea present with perianal fistulas and/or abscesses at diagnosis, which is a distinct feature of CD in Korean children and adolescents compared to their European counterparts. To date there is insufficient data in Korea regarding the phenotypes of pediatric CD based on the Paris classification. A recent study compared the characteristics of pediatric CD with the EUROKIDS registry [9]. However, due to the small number of Korean patients (n=30), some of the results were unreliable. For example, the male-to-female ratio of Korean pediatric CD patients was 6.5:1, and 36.7% of patients had L1 disease. Moreover, only 1 patient (3.4%) had UGI tract involvement, raising the suspicion of whether a complete workup of the entire GI tract had been properly conducted. Another major limitation of that study was that phenotyping of CD was based on the Montreal classification rather than the Paris classification which is generally used for pediatric IBD [13] . Therefore, it is difficult to accept 56 https://pghn.org https://doi.org/10.5223/pghn.2020.23.1.49 the results of that study as being representative of Korean children as well as assuming that an adequate comparison was performed with their European counterparts.
Disease Phenotype of Korean Pediatric CD at Diagnosis
Regarding clinicodemographics at diagnosis, the proportion of children aged <10 years (A1a) was significantly lower in Koreans compared with EUROKIDS (7.1% vs. 19.6%, p<0.001). This difference may have been partially due to the difference in the ages of the study population recruited in our study and the EUROKIDS registry. While all the investigators of the participating centers in our study were responsible for the primary examination of new patients aged <18 years, approximately one-third of the participating centers in the EUROKIDS cohort reported that new patients aged >15 years were always referred to an adult gastroenterologist [10] . Meanwhile, a recent study from Israel analyzing data from adolescents who had undergone obligatory medical examination at 17 years to assess their eligibility for military service, revealed a diagnosis age of 14.2±3.2 years among 1,612 patients who had been previously diagnosed with CD [5] , which is comparable to the results of our study (median 14.7 years).
Although no statistically significant difference was observed in male-to-female ratio with EUROKIDS, a higher male predominance was observed in Korean children and adolescents (1.9:1 vs. 1.45:1, p=0.062). Male predominance in the pediatric population has been reported in several population-based cohorts from Western countries [14] [15] [16] [17] . Moreover, according to a recently published pooled analysis using population data from established cohorts from Western countries to analyze sex differences in IBD incidence according to diagnosis age, female patients had a lower risk of CD during childhood, until the age range of 10-14 years (incidence rate ratio, 0.70; 95% CI, 0.53-0.93) [18] . Thereafter, female patients had a higher risk, which was statistically significant for the age groups of 25-29 years and >35 years [18] . The authors hypothesized that sex hormones may be implicated in IBD pathogenesis [18] . However, this trend was not observed in a pooled analysis of population-based studies from the Asia-Pacific region [19] . A male predominance of CD that started in adolescence was observed to extend to past middle age of 50 years in the Asia-Pacific region [19] . This similar male predominance was also observed in a recent large scale population-based study from Korea [20] . Therefore, the higher male predominance observed in Korean children and adolescents compared to EUROKIDS in our study may be attributable to this ethnic difference for a certain sex predominance in CD.
Another observed difference was that colonic disease was less prominent in Korean children compared to EUROKIDS (10.0% vs. 27.3%, p<0.001). This seems to have been due to the relatively small proportion of patients aged <10 years. According to the EUROKIDS study, isolated colonic (L2) disease was observed in 41.2% (47/114) of children diagnosed at the age of <10 years compared with 23.8% (111/467) of those diagnosed at the age of ≥10 years (p<0.001) [10] . We also observed this finding when LGI tract location was analyzed according to diagnosis age (L2: 41.2% in A1a vs. 8.0% in A1b/A2, p<0.001). This was further confirmed by multivariate logistic regression analysis, which revealed any TI involvement (or L1 and L3 disease) as the only factor that was associated with diagnosis age <10 years (OR=0.15, 95% CI=0.05-0.46; p<0.001). Isolated colonic disease is well known to occur in younger children compared to older children or adults [2, 21] . In a Scottish national cohort, children diagnosed <8 years had more L2 disease (34.0% vs. 17.7%, p=0.009), less L1 disease (39.6% vs. 60.5%, p=0.006) and less L3+L4 disease (18.9% vs. 33.6%, p=0.03) [22] . We also observed that L4 location was less prominent in patients aged <10 years (29.4% vs. 61.2%, p=0.019).
Higher rates of UGI tract involvement in Korean children is another interesting finding in this study (59.3% vs. 46.2%, p<0.001). This difference could be partially explained by the high proportion of patients in the Korean cohort undergoing advanced modalities for small bowel evaluation. Since the EUROKIDS study was conducted between 2004 to 2009, less than half of patients received advanced modalities for evaluating their small bowels [10] . Meanwhile, since the Korean cohort was conducted between 2013 to 2016, almost all the patients had undergone either an MRE, CTE, CT or capsule endoscopy for small bowel evaluation. A recent retrospective study of 594 children with CD conducted at a single center in Korea had analyzed disease phenotype at diagnosis according to the Paris classification [23] . Most of the results of that study are comparable with the results of our study: a male predominance showing a male-to-female ratio of 2.4:1, median age at CD diagnosis of 15 years, 79.3% with L3 involvement, 88.9% with B1 behavior, and 47.1% with perianal fistulizing disease. However, only 25.8% of patients had UGI tract involvement in that study, which was lower than that of our study showing 59.3%. It is unsure whether all the patients in that study had undergone a full evaluation of the entire GI tract, because the authors did not specify which exams were conducted at diagnostic evaluation. Meanwhile, full evaluation of the GI tract at diagnosis is crucial for the proper phenotyping of CD according to the Paris classification. Pediatric CD is generally comprehended as more severe and aggressive compared to adults, and small bowel lesions are known to be associated with structuring complications leading to bowel resection as well as hindering linear growth in children and adolescents [2, 10, 24, 25] . Therefore, precise phenotyping according to the Paris classification at diagnosis may be the first step for correctly stratifying pediatric CD patients that may or may not require early treatment with biologics, in order to hit the target properly and consequently minimize bowel damage and surgery, improve quality of life, and restore linear growth in children and adolescents with CD in the era of treat-to-target [26] [27] [28] [29] [30] .
The most interesting finding in this study is the significantly higher proportion of Korean patients presenting with perianal fistulizing disease at diagnosis (44.8% vs. 8.2%, p<0.001). Perianal fistulizing disease, namely perianal fistula and/or abscess, is generally well known as a complication of CD and is also a distinct feature that distinguishes CD from UC and IBD-U [31] . A recent systematic review and meta-analysis of population-based cohort studies examining the phenotype and outcome of IBD across ethnic groups have reported that perianal disease is more frequently observed in CD patients of African and/or Asian descent than CD patients of Caucasian and/or Hispanic descent [32] . Perianal fistula and/ or abscess have been reported in 42-50% of Korean pediatric CD patients at diagnosis [23, 33, 34] , and even higher in those with moderate-to-severe disease activity requiring treatment with biologics [27, [35] [36] [37] . Meanwhile, reports from Western countries vary from 4-45% at diagnosis [21] . According to a recent study from the ImageKids study group, pediatric patients with perianal fistulizing disease during their disease course were shown to have a distinct phenotypic feature and a predisposition to a greater inflammatory burden, showing significantly worse results on laboratory tests, more extensive disease, and lower weight and height z-scores [38] . However contrary to the findings of that study, Korean patients with perianal fistulizing disease at diagnosis in our study had higher weight and BMI z-scores compared to those without perianal fistulizing disease. Recent data from the ImproveCareNow Network cohort have also shown that perianal CD is more likely to occur earlier in the disease course among Asians aged ≥10 years than in Caucasians [39] . Another study has also reported that pediatric CD patients who develop perianal fistulas and/or abscesses while on therapy for CD have a more severe phenotype and are more likely to require diverting ileostomy or colectomy compared to those who initially present with perianal fistulas and/or abscesses at diagnosis [40] . Therefore, Korean children and adolescents with perianal fistulizing disease may present with a rather milder luminal disease type compared to their Western counterparts with perianal fistulizing disease, probably because it occurs earlier in the disease course of pediatric CD.
There are some limitations of this study. First, our study was a retrospective study including only 10 tertiary centers in Korea, which may have resulted in some selection bias. Second, selection bias may have also been introduced by excluding patients who had not undergone a complete workup according to the Porto criteria for the analyses of disease location and behavior according to the Paris classification, which was also the case for the published EUROKIDS study [10] . However, only 14 out of 255 Korean patients (5.5%) were excluded, as the majority had undergone a complete workup in real-life clinical practice. Third, we were unable to compare data regarding granulomas on histology, due to the variable quality of histology reports among centers. Despite these limitations, owing to the outstanding reallife clinical performance of the pediatric gastroenterologists in our study who were capable of conducting a complete workup of the entire GI tract in most of the children as well as the excellent compliance of patients, we were able to conduct a proper comparison with the data from the EUROKIDS registry.
In conclusion, comparison of pediatric CD patients at diagnosis between our Korean cohort and the EUROKIDS registry according to the Paris classification revealed significant differences in several aspects of disease phenotype of Korean pediatric CD. The most distinct feature of CD in Korean children and adolescents compared to their European counterparts was the significantly higher presence of perianal fistulizing disease at diagnosis. An underlying genetic difference between ethnicities may play a role in the expression of different phenotypes in pediatric CD. Identification of distinct disease phenotypes and their natural disease course may lead to an understanding of different therapeutic windows of opportunity and could enable stratified and effective treatment in a timely manner, which may eventually play a role in modifying the natural disease course of pediatric CD in the era of treat-to-target.
